Summary. Metabolic 
Introduction
Mammary cell proliferation and differentiation prepare the gland for lactation, and although the rate of milk synthesis is influenced by many factors, such as the nutrition of the animal, systemic hormones, and local factors within the gland, ultimately it is the number and activity of secretory cells which determine the milk yield of the lactating animal. The relative importance of these factors in determining peak milk yield and persistence of lactation has rarely been studied even in small animals, for which data are relatively easy to obtain (for recent reviews, see Cowie, Forsyth & Hart, 1980; Knight & Peaker, 1982a) . There are a number of practical difficulties associated with making measurements in the udder of ruminant animals, and little information is available to assess the relative importance of changes in secretory cell number and cellular synthetic capacity in control¬ ling the milk yield of these animals. Characteristically, yield rises to a peak early in lactation and declines thereafter for as long as milking is continued. Maintenance of milk production during the later stages of lactation will depend upon the number of secretory cells lost, the extent of cell replacement (if any) and the retention of synthetic capacity by each cell.
In an earlier study, a combination of tissue biopsy (for measurement of nucleic acids) and udder volume estimation was used mainly to assess changes in the size of the mammary secretory cell population in goats (Knight & Peaker, 1984) . We now report a study carried out over late preg¬ nancy and 25 weeks of lactation, in which we have measured changes in the degree of epithelial cell differentiation in mammary biopsy samples from goats by using a combination of enzyme activity measurements and short-term tissue culture of mammary expiants. Some of the results obtained have been reported briefly elsewhere (Wilde, Henderson & Knight, 1985 (Knight & Peaker, 1984) Speake, Dils & Mayer (1975) . Lactate dehydrogenase (EC 1.1.1.27), phosphofructokinase (EC 2.7.1.11) and hexokinase (EC 2.7.1.1.) were assayed as described for mammary tissue by Korsrud & Baldwin (1972) and NADPdependent isocitrate dehydrogenase (EC 1.1.1.42) was measured by the method of Bernt & Bergmeyer (1974 , antibiotics (l·2µg penicillin G/ml, 10 µg streptomycin/ml), Fungizone (1 µg/ml), sodium acetate (5 mM), insulin (5 µg/ml) and cortisol (10 ng/ml), and mammary expiants were cultured in the same medium with or without prolactin (1 µg/ml) in an atmosphere of air/C02 (95: 5 v/v). Preparation of explants (Dils & Forsyth, 1981) Expiants were homogenized at 4°C in 10 ml lOmM-Tris-HCl pH 70 containing 5 mM-EGTA and 2 mM-phenylmethanesulphonyl fluoride by 10 strokes with a glass-PTFE homo¬ genizer followed by sonication for 30 sec (10 m amplitude, Soniprep 150, MSE Ltd) and a particlefree supernatant was prepared as described above. 14C-Labelled lactose was isolated from expiant particle-free supernatant and culture medium by selective precipitation (Kuhn & White, 1975) and 3H-labelled casein was isolated from the particle-free supernatant by isoelectric precipitation and sodium dodecyl sulphate/polyacrylamide gel electrophoresis (Wilde, Razooki Hasan & Mayer, 1984) . Incorporation of L-[4-3H]phenylalanine into total protein was measured as trichloroacetic acid precipitable radioactivity in expiant homogenates (Speake et al., 1975) .
Rates of DNA synthesis were measured in cultured tissue by addition of [6-3H]thymidine (10 µ / ) to the medium as described previously (Knight & Peaker, 1982b) .
DNA determination. DNA was measured in freshly-prepared tissue homogenates by the diphenylamine method (Knight & Peaker, 1982c) and in expiant homogenates by a fluorometric method (Labarca & Paigen, 1980 ) using bovine thymus DNA as a standard. There was no significant difference between the results obtained with the two methods.
Results
Changes in mammary synthetic capacity and milk yield were monitored by taking biopsy samples at particular stages of pregnancy and lactation, thereby dividing the experimental period into a series of phases (termed 'study periods' by Knight & Peaker (1984) in an earlier study).
Milk yield
Individual milk yields of 7 goats which completed at least 14 weeks' lactation are shown in Fig. 1 ; on 4 occasions when biopsy sampling had resulted in transient decreases in milk yield, weighting was applied to correct the affected values (Knight & Peaker, 1984) . While absolute values varied between individual animals, they all showed similar lactation curves (weekly yield plotted against time).
After an initial rapid increase from 6-8 + 10(kg/gland)/week (mean + s.e.m.; 60% of individual peak yields) in Week 1 to 10-3 ± 0-9 (kg/gland)/week (92% of peak yields) in Week 3 (F<001; analysis by Student's t test for paired observations), a peak milk yield of 11-3 ± 0-9 (kg/gland)/week was achieved before Week 5 (Week 4-9 + 0-9). Thereafter milk yield decreased to Week 8 and Week 15 values of 9-4 ± 1-3 and 90 + 11 (kg/gland)/week (82% and 78% respectively of peak milk yields), the differences between Weeks 5 and 15 being significant (F<0001 The activities of acetyl-CoA carboxylase (Fig. 2a) , fatty acid synthetase (Fig. 2b ) and galac¬ tosyltransferase (Fig. 2c) Fig. 2d ), isocitrate dehydrogenase (by 2-fold, < 0-05; Fig. 2f ) and phosphofructokinase (by 2-7-fold, < 0-05; Fig. 2g ) over those in late pregnancy became statistically significant only after Week 5, when milk yield had started to fall. Hexokinase (Fig. 2e) (Fig. 1) , milk lactose con¬ centrations (Henderson & Peaker, 1984) and udder volumes (Knight & Peaker, 1984) suggest that absolute rates of lactose synthesis in the expiants were lower but of the same order as rates measured in intact tissue: an average value of 32% of the in-vivo rate was calculated for expiant cultures prepared from 29 biopsies.
Expiants obtained at different stages of pregnancy and lactation demonstrated very marked changes in their capacity for both lactose and casein synthesis (Fig. 3a, b (Knight & Peaker, 1984) . With accumulation of lipogenic enzymes as the main criterion, differentiation is essentially complete by the time of peak milk yield, and is maintained for a considerable period thereafter. However, the activities of other enzymes rose significantly after Week 5 (and non-significant increases of 75% and 31% in the activities of acetyl-CoA carboxylase and fatty acid synthetase respectively were also observed by Week 15), so in some respects the tissue continues to develop, even while milk yield has begun to decline. The sustained but relatively modest changes in these other enzyme activities may represent a background of general cell hypertrophy against which the more strategic changes in key enzyme activities take place. For example, during terminal differenti¬ ation of rabbit mammary tissue in vitro, a transient reduction in the rate of degradation of fatty acid synthetase (resulting in rapid accumulation of the enzyme) was not limited to this key enzyme, but was a general feature shown by other cytosolic enzymes (Wilde et al., 1980; Wilde, Saxton & Mayer, 1982) . The process is not, however, completely unselective, as shown by the constant activity of aryl esterase throughout the study period.
The rising enzyme complement of the tissue and its rate of milk production in vivo is accompanied by substantial increases in rates of lactose and casein synthesis by mammary expiants prepared during early lactation. Indeed, the increase in casein synthesis between mid-pregnancy and peak lactation was much greater than that previously observed when expiants from midpregnant goats were stimulated over several days in culture by a combination of insulin, cortisol and prolactin (Skarda, Urbanova, Houdebine, Delouis & Bilek, 1982a, b) . The short culture period used here obviates any requirement for exogenous prolactin to maintain synthetic activities in vitro: the tissue's requirement is likely to be met by persistence of hormonal effects initiated in vivo or by the carry-over of endogenous hormone in the explants, a phenomenon that has been noted in other expiant cultures (Rillema & Anderson, 1976; Ganguly, Ganguly, Mehta & Banerjee, 1980) . Also, casein synthesis in these short-term cultures increased by late pregnancy, preceding the rise in rates of lactose synthesis; sequential appearance of individual milk constituents was observed previously in the goat (Fleet et al, 1975) and also the rat (Kuhn, 1972; Martyn & Hansen, 1980) (Fleet et ai, 1975) , lactose synthetase activity (Jones, 1979) and other milk constituents (Fleet et ai, 1975; Davis et al., 1979) have been found in the udder of goats from midpregnancy onwards. Together, the results indicate that the synthetic activities of these short-term cultures are a measure of the synthetic capacity of the tissue in vivo.
The reason for the deficit between absolute rates of lactose synthesis in freshly-prepared expiants and the estimated rate of synthesis in vivo is not clear: there is no rapid loss of capacity for lactose synthesis as initial rates in culture were maintained for at least 24 h, and were not signifi¬ cantly affected by altering the concentration of cortisol in the culture (C. Wilde, unpublished data) as is the case with rat mammary explants (Ono, Perry & Oka, 1981) . Conversely, rates of lactose synthesis measured in vitro during pregnancy were greater than might be expected from the overall rate of accumulation of lactose in the gland. However, the accumulation of milk constituents during pregnancy is likely to be determined not just by their rates of synthesis, but also by the rate at which they are degraded (see for example Razooki Hasan, White & Mayer, 1982) , converted to other products or resorbed in the bloodstream (Kuhn, 1977) . These processes will determine the time and rate at which individual milk constituents appear in the gland, and together may prevent excessive accumulation of milk solids before parturition.
Maintenance (Knight & Peaker, 1984) . From [3H]thymidine incorporation into DNA in cultured tissue cells, proliferation had largely ceased by parturition, although it has been found previously that the secretory cell population continued to increase in early lactation (Knight & Peaker, 1984) .
The low rates of incorporation of [3H]thymidine during lactation may indeed be significant for milk production: there is evidence that the tissue contains a population of stem cells which retain the ability to proliferate (Devore, 1977) , and also that differentiation of secretory cells can no longer be considered 'terminal', i.e. that they can temporarily suspend milk synthesis and undergo replication (Franke & Keenan, 1979) . Goat mammary gland retains a potential for growth during lactation when stimulated by hemimastectomy (C. Knight, unpublished data) or more frequent milking (Henderson, Blatchford & Peaker, 1985 
